Objective. Our aim was to present and evaluate the predictive factors of visual impairment and blindness according to WHO criteria in pediatric open globe injuries. Methods. The medical records of 94 patients younger than 18 years who underwent primary repair surgery were reviewed retrospectively. The initial and final visual acuity, anterior and posterior segment findings, and zone of injury were noted. The patients were classified as blindness in one eye or visual impairment in one eye. Results. Of 412 patients who presented with open globe injury, 94 (23%) were under 18 years old. Fifty-four (16 females, 38 males) children were included. The mean age of the children was 7.1 ± 4.1 years. According to WHO criteria, 19 of 54 patients (35%) had unilateral blindness and 8 had unilateral visual impairment (15%). There was no significant relationship between final visual acuity and gender and injured eye. In visually impaired and blind patients, presence of preoperative hyphema, retinal detachment, and zone 2 and zone 3 injuries was significantly higher. Conclusion. Presence of hyphema and zone 2 and zone 3 injuries and retinal detachment may end up with visual impairment and/or blindness in children.
Introduction
Globally, an estimated 70 million blind person-years are caused by childhood blindness. Approximately 500.000 children become blind every year [1] . In least developing countries congenital and developmental cataract, retinal pathology, and congenital anomalies are the main causes of nontraumatic blindness [2] . Ocular trauma is an important cause of eye morbidity and leading cause of noncongenital monoocular blindness among children [3] [4] [5] . Worldwide, eighteen million people have uniocular blindness from traumatic injury and every year a quarter of a million of children present with serious ocular trauma [6] . Two percent to 14% of the pediatric ocular trauma patients ended in visual impairment or blindness [7] [8] [9] . In this study, our aim was to present and evaluate the predictive factors of visual impairment and blindness according to WHO criteria in pediatric open globe injuries.
Methods
Of 412 patients who underwent primary repair surgery because of open globe injury at Department of Ophthalmology, Uludag University, between January 2010 and December 2014, the medical records of 94 patients who were younger than 18 years were reviewed retrospectively. The Uludag University Hospital administration approved the study. The patients younger than 18 years old with at least 6 months of follow-up were included. The exclusion criteria were closed globe injury and major head trauma which might have injured chiasmal and retrochiasmal optic pathways. The initial and final examinations of the patients were evaluated. The initial visual acuity, final visual acuity, anterior and posterior segment findings, zone of injury, computed tomography, and ultrasound findings were noted.
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to cornea, zone 2 full thickness wound involving the sclera and within 5 mm from the corneoscleral limbus, and zone 3 as wound involvement posterior to the anterior 5 mm of the sclera [10] . The patients were classified according to WHO criteria as blindness in one eye or visual impairment in one eye. Blindness was defined as presenting distance visual acuity <3/60, VI as 3/60 to 6/18 with available correction according to WHO Vision 2020 Action Plan.
For statistical analysis, SPSS 22 statistical program was used. Pearson Chi-square and Fisher's exact test were performed to compare qualitative data. Pearson correlation analysis was used to assess the relation between the parameters. The statistical significance was set at < 0.01 or < 0.05.
Results
Of 412 patients who presented to Department of Ophthalmology with open globe injury between January 2010 and December 2014, 94 (23%) were under 18 years old. Fifty-four (16 females, 38 males) children with at least 6 months of follow-up were included in the study. The mean age of the children was 7.1 ± 4.1 years (range: 2-16 years) and the mean follow-up was 16.6 ± 10.4 months (range: 6-46 months). We divided the children into 3 groups according to age as 0-4 (19 children), 5-8 (20 children), and ≥9 years (15 children).
Thirty-seven children (68.5%) referred to the department within 24 hours, 15 (27.8%) within 24-48 hours, and 2 (3.7%) of them after 48 hours following the trauma. There was no relation between timing of surgery and visual outcome ( = 0.559).
The visual acuity (VA) of 23 children (42.6%), all under 8 years old, could not be measured at presentation. Two children (3.7%) had VA of no light perception and 12 (22.2%) had VA of light perception. The mean VA of 17 children (31.5%) whose Snellen VA could be measured was 0.2 ± 0.3 (Table 1) .
Four children (7.4%) had intraocular foreign body at presentation. All the injuries were of penetrating type; the cause of the injury was unknown in 7 children. Fifty-seven percent of them were ≥9 years old. The cause of injuries is given in Table 2 . The injuries related with knife occurred under 9 years old. The injuries related with pencil occurred above 4 years old. Zone 1 injury was in 35 (64.8%), zone 2 in All the patients underwent primary repair and during their follow-up underwent further surgeries as required. The primary repair consisted of primary suturing of scleral laceration with 8-0 vicryl stitches or corneal perforation with 10-0 nylon stitches. In 13 cases with capsular rupture, lens aspiration was performed at the time of primary repair without intraocular lens (IOL) implantation. Ultrasonography was performed in all patients postoperatively. Except the 8 patients diagnosed with retinal detachment before and at the time of surgery, there was no retinal detachment. Ten of 13 patients with zone 3 injury and 3 of 6 patients with zone 2 injury had vitreous hemorrhage.
The mean number of surgeries including primary repair was 1.6 ± 0.8. Eight patients who had undergone primary repair and lens aspiration had undergone anterior vitrectomy and secondary IOL implantation. Three patients developed endophthalmitis after primary repair. Two of them had intraocular foreign body. All 3 patients had undergone pars plana vitrectomy.
The final visual acuities of 8 patients (14.8%) were light perception and 4 patients were no light perception (7.4%). The mean final visual acuity of the others was 0.5 ± 0.4 ( Table 1 ). According to WHO criteria, 19 of 54 patients (35%) had unilateral blindness and 8 had unilateral visual impairment (15%). There was no significant relationship between final visual acuity and gender and injured eye. In visually impaired and blind patients, presence of hyphema and retinal detachment was significantly higher. The relationship between decreased vision and initial examination findings was shown in Table 3 . There was no statistically significant difference between 3 age groups in terms of visual impairment/blindness rates ( = 0.884). Seven of 19 patients with blindness had retinal detachment at presentation. At final examination, 6 had corneal scar with 2 of these also having aphakia, and 2 patients had macular scar. Two patients had phthisis bulbi. In one patient, retinal detachment developed due to PVR formation. One patient had traumatic cataract but his parents did not give consent for the secondary surgery.
Five patients with visual impairment had corneal trauma and aphakia and were planned for secondary IOL implantation and corneal transplantation. Two had retinal scar due to foreign body. One had retinal detachment at presentation.
No significant difference was noted between children with regard to visual impairment or blindness when they are grouped as preschool and school-aged children ( = 0.783). There was also no significant relationship between the object that caused the injury and visual outcome.
Eight of 14 patients with initial VA of light perception or below had the same VA at final visit. Three of 23 patients whose initial VA could not have been assessed had final VA of light perception or below ( Table 1) .
All the patients had occlusion in their fellow eye immediately after the primary repair. At 3rd week postoperatively, their refractive errors were corrected with spectacles. During follow-up, the aphakic patients had occlusion therapy and transient rehabilitation with glasses or contact lenses. After secondary IOL implantation, they were followed up regularly for detection of uncorrected refractive errors.
Discussion
Open globe injures end in visual impairment and blindness at a significant rate in injured children and may restrict children lifelong and cause serious morbidity. The factors influencing visual outcome after ocular trauma are variable both in adults and in children. Mechanism of injury, location of injury, initial visual acuity, presence of relative afferent pupillary defect, hyphema, endophthalmitis, vitreous hemorrhage, and retinal detachment are among the factors that have been mostly investigated [11] [12] [13] [14] [15] [16] . In some studies lens injury is proposed as a poor prognostic factor while others suggest that it does not affect the outcome [15] . The pattern and burden of visual impairment in children with open globe injury may vary from region to region and may be associated with the socioeconomic development level of the region. A study from Jamaica mentioned that 36% of the all pediatric ocular traumas were open globe injury [17] . The studies from Nigeria report that approximately 64.1-100% of open globe injuries present with an initial visual acuity of <6/60 [18, 19] . According to final visual acuity, they report that 79.4% of children become visually impaired. Of these 39.7 were blind. In a report from Iran, 48.9% had initial visual acuity <6/60 and 28.3% had final visual acuity <6/60 for all patterns of ocular injury [20] . However, these studies do not mention the factors resulting in visual impairment. In a recent study from Thailand, 40.8% of the children obtained a final visual acuity of >6/60. They reported that retinal detachment was significantly correlated with poor final visual outcome, consistent with the findings of Lee et al. [11] . In our study, 15% had visual impairment, and 35% were blind. We also found a significant relationship between visual impairment and injury zone, retinal detachment, and hyphema. A study from Canada involving 131 pediatric open globe injuries identified risk factors for final visual acuity <20/40 as age younger than 5 years, wound length, injury site, rupture, vitreous hemorrhage, and retinal detachment [12] . They did not find an association between hyphema and poor final visual outcome, inconsistent with our findings. Also contrary to their results, we showed no association between age and visual impairment, probably due to a smaller sample size in this study. In our study, visual impairment/blindness rates were similar in age groups. On the other hand, the objects that caused the injuries were different among the groups. Another study also identified mechanism of injury and length of time prior to surgery as risk factors [21] . A recent study from Australia analysing outcome of open and closed globe eye injuries in children reported wound length, wound site, and lens injury as parameters of poor visual outcome. They reported that 27 percent of open globe injuries had a final visual acuity <6/60 [22] . Our study was inconsistent with this study in terms of lens injury.
Presenting visual acuity is also reported to be predictive for visual outcome [23, 24] . However, it is not always possible to obtain a reliable initial visual acuity in children especially following a remarkable trauma experience. Another study found that initial vision was a less reliable predictor of final visual outcome [25] . In our study, initial visual acuity of 42.6% of children could not be obtained. All of them were under 8 years old, which could have made the assessment of visual acuity difficult. In others, the rate of initial visual acuity that could not be assessed changed from 24% to 32% [10, 13, [20] [21] [22] . Since the initial visual acuity is not available at all times in children, it may have a limited role for predicting the final visual outcome following open globe injury.
Relative pupillary afferent defect is used to calculate the ocular trauma score and has been also shown among the factors suggesting unfavourable visual outcome in children as well as in adult population in open globe injuries [26] [27] [28] . However, it is difficult to show the presence of relative pupillary defect in young children as it is difficult to cooperate during examination.
Following open globe injuries, presence of hyphema, zone 2 and zone 3 injury, and retinal detachment may end up with visual impairment and/or blindness in children. Therefore great care should be taken when the children are referred with hyphema, skleral injury, and retinal detachment and appropriate management should be initiated in an effort to minimize visual impairment.
Additional Points
This study is about the main causes of childhood blindness from a developing country. The authors mentioned the effects of open globe injuries on visual impairment and blindness.
